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Abstract 

Returning to the old problems in ordinary QED, by an appropriate exten- 
sion of the dimensional regularization method in noncommutative space 
we try to provide a quite coherent look into NCQED.The renormalisation 
of theories, the (3 function,the vacuum polarisation of photon, the general 
structure of vertex fermion-photon ,the anomalous magnetic moment 
(AMM) of fermions and the validity of Ward identity at the one-loop 
level are reinvestigated. 



1 INTRODUCTION 



Since 1999 the space-time non-commutativity has been reahzed from string theory 
when open string propagates in the presence of constant background antisymmetric 
tensor field [l].In recent years the noncommutative field theories have generated a 
lot of interests in many aspects (see reference in [14] ) ,for instance, the Lorenz 
invariance ,the unitarity [12, 16, 17,20], instanton[13], Standard model on NCM space- 
time and then the new NCM theories[15] based on the extension of the basic relation 
which indicates that space-time loses its condition of continuum: 

[S/x,^i.]=«V (1) 

In spite of that, there are some old aspects, particularly in NCMQED,which have to 
be reinvestigated. In the works [5], [8], [18] the structure of the vertex is considered,the 
Ward identity have called attention in [5], particularly [21] is an explicit investigation 
for its validity in the two processes e'^e~ 77 and 77 77, Now, in this work we 
try to investigate the same problems in the NCMQED at one-loop level by using the 
dimensional regularization and perturbative method. For the pedagogical purpose 
, we will organize the paper in the following way. :Sec.2 is devoted to remind some 
principal properties of NCMQED, Sec. 3 is reserved to present some results for the 
renormalisation of theories, Sec. 4 is a brief consideration of the structure of vertex 
,Sec.5 for checking the validity of Ward identity ,Scc.6 is the discussion of the AMM 
and we will finally end up with some comments and remarks. 

2 PERTURBATIVE THEORY OF NCMQED 

1. Let us begin with the pure U(l) NCM Yang-Mills action in space- time dimen- 
sion d: 

Sym^-\I d^xF^^ix) * Fi^^ix) (2) 
Here the ★-product is defined as: 

(3) 

9^^ is antisymmetric matrix which has the dimension of area. To avoid problems 
with unitarity we will assume that only the space-space components of O^'' are non 
zero, namely, 9^^ — O.The field strength is defined by: 

F^,{x)^d^A,{x)-d,A^{x)-ig[A^,{x),A,{x)]M (4) 



f{x)^g{x)^ei<^^"''^'''^'f{x + 09{^ + ri) 
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and the Moyal bracket is: 

[f,9]M^ f->^9-9->^f (5) 

Note that: even in U(l) case couples to itself since the field strength F^,^ has 
the non- linear term in A/j^. Assuming that the fields decrease so promptly at infinity 
that the space -time integral of a Moyal bracket vanishes.lt is easily to show that 
the action (2) is invariant under the gauge transformations following: 

A^{x) ^ A'^{x) = U{x) ^ A^{x) ^ U-\x) + -U{x) ^ d^U'\x) (6) 

Where: ^ 

U{x) = (e'^^"^)^ = 1 + iA(a;) + ^K^) * A(a;) + ... 

U'\x) = (e-'^("))^ = 1 - i\{x) + ^^A(x) * \{x) + ... 
U{x)i<U-\x) = 1 

Now, we consider the fundamental representation of the matter in which the covari- 
ant derivative is defined as: 

D^iIj{x) = dij,ip{x) + igipix) Au,{x) 

In terms of ordinary product the action for U(l) Yang-Mills fields and the matter 
field can be rewritten as : 

SYM-Matter = / d'^x j-^F'^'^F^, + - ^e^^'^^'^^^V' " mV^V'} (7) 

In order to obtain the non-singular free propagator for the gauge fields we need to 
introduce the gauge-fixing term.We shall do this in a consistent way by using the 
BRS formalism.Let us introduce the ghost fields c, c and the auxiliary fields B and 
define the ERST transformations as follow: 

dBA^{x) = D^c{x) = d^c{x) - i[A^{x),c{x)]M 

Sbc{x) — — {c{x) * c{x)) 
5bc{x) — B{x) 
5bB{x) = (8) 

is nilpotent. 

To keep track of the renormalisation of the composite transformations ^^^^^(x) and 
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Sbc{x) one also introduces the external fields Jfj,{x) and H{x) which couple to them. 
The Faddev-Popov and gauge fixing action is given as: 

SoF-ghost = J d'^x \^-^^d^A>'{x)^d,A''{x) + di'cix) * {d^c{x) - i[A^{x) , c{x)]m)^ 

(9) 

Where ^ is the gauge fixing parameter, 
and the action for the sources is defined by: 

Ssources = j d'^x {K^ i< + J i< B + ij] i< c - ci< rj) + H i< {ci< c) + i< D ^c} (10) 

It is easily to show tYiaiSGF -ghost is invariant under the BRST transformations. The 
complete action for NCQED in a general covariant gauge is given as: 

^tot ~ SyM ^" S Matter ~\~ Sgf— ghost ~l" SgQuj-ces ~ Sinv SgQ^^ces (H) 

where: SyM+Matter and Sgj^ghost are defined in (7), (10) respectively. As a result, 
the propagator is the same as in the commutative counterpart but each vertex will 
accompanies with a phase factor which depends on the momenta outgoing from the 
vertex and the consequence is that the Feynman rules in Feynman gauge are derived 
and presented in figure (1). 
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Fig (1): The Feynman rules for NCMQED 
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(figure 3. a) (figure 3.b) 




(figure 3.c) (figure 3.d) 



Fig (3): The correction to vacuum polarization of plioton 




3 THE RENORMALISED NCMQED 



It is useful to note that firstly we work in the Feynman gauge and secondly,in the 
following calculations we assume that the Bessel functions are finite. 



1. The one-loop fermion self-energy: 

The electron self-energy receives one-loop correction through only one diagram (2): 

Noting in this diagram that the phase factors accompanied with the two vertices 
cancel with each other. Thus the contribution is the same as in ordinary QED .So, 
not only UV divergence can be subtracted by the usual rescaling of wave function 
and electron's mass but also the finite part does not change .In the dimensional 
renormalisation [22] , the counter term for the fermion loop is defined as: 

^2 = 1 + A2 

where A2 is decomposed into two parts: infinite and finite part which in the on-shell 
condition are given by: 

and, 

/ , 1 — 



Ar=-7fT^ 2-ln^-4/ rf^^^ (13) 



So, the renormalisation constant is : 



Z2 = 1 (14) 



2. The one-loop photon self-energy. 

The one-loop photon self-energy receives contribution from four diagram (3a)- (3d) 
in figure (3). 

(i) The diagram (3d) is the contribution of the electron loop.It turns out that its 
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contribution is the same as in ordinary QED since like the electron self-energy the 
two phase factors at two vertices are cancelled with each other. We get: 



Where Nf denote the number of independent fields with charge ±1. 

(ii) For three diagrams (3a), (3b) and (3c) .In the dimensional regularization we 

can rewrite the contribution of these diagrams in the form: 



where i=a,b,c 



and: 



in» - e^u^-'^CW / 1-cospAk 



c(«) = 1 c(^) = -1, c(^) = - 

2 2 



iV<rj=%.(d-l)(p + A;)^ 

r)i,^{5p^ + 2pk + 2k^) + k^k^{Ad - 6) + p^p^{d - 6) + (p^/c^ + p^k^){2d - 3) 
The contribution of three diagrams is: 

'^^'^'^ J (27r)<^ A;2(p + fc)2 l^bJ 

where 

= 2dr]^^k'^ + 4(rf - 2)k^k^ + (2rf + 3)?7^^p2 + (rf - 6)p^p^ 

+2(2ci - l)7?/,^/i;p + (20? - 2>)pfj,k^ + {2d - 5)p^k^ 

Using the dimensional regularization.wc see that the photon self-energy receives the 
contributions from the planar part and the non-planar part: 

•TT(a6c) _ -TrCatc) i „-Tt("*^) (-[7) 

'^V*^ ~ ''^^fj.uiplanar) ^ ''^^fj.u{non-planar) \^ ' ) 

where: 

.^(abc) _ 2 4-d , / g ^ ^V:. 

V(p^ana.) " ^ j ^^^^^ _ ^^^^ (iSj 
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For the planar part in the hmit e — > Owe get: 



ie^ /. MM / . .0 . , X ie^ 10 



/■^ / M \ / \ iO 



(47r)2 Jo V 47r//2 ) V "'"^^ '^'^y (47^)2 3 

For the non-planar part,we obtain: 



{ {2d' + 4(d - 2)) r^,A-M') (f ) ' ' ^f-i(^) 



;(^)} (21) 



where 



Z = \p\M 



Noting that there is no divergence in Bessel functions even when e — > .So, the 
infinite terms in the contribution of three diagrams (3a)- (3c) come from the planar 
part. With the above result, summing (15), (20) and(21) we get the one-loop photon 
self-energy : 



^nir ^ (p) = 7^ (f - ^) ( - p.p^) + f^r^^t- (22) 



(47r)2e V 3 
The renormalisation constant is: 



/20 8A^/ 



^3 = 1 + ^ (23) 



8 



3. Contribution of diagram (4a) 



Now, we consider the vertex presented in figure (4). In d-dimensions the proper 
vertex is : 



(27r)" 



1 



1 



-r 



where: m-y is the mass of photon, e — A — d and kq — kAq — k^O^^q^ 
By standard Feynman parameterisation , we get. 



7m 



(2 - df (ZaY 



(47r) 



2 J 2^ ^ 4 

(2 - d) qj 

2 (M2)f-i V 2 



dx dye 
Jo Jo 

{2-d) {qf 



-i{x+y)pAp' 



z 



K.MZa) 



K.-l{Za) 



In the hmit d — A : 



2e2 



Jo Jo 



7m 



(47r)^ 



(9m^ 



2a 



(24) 



(25) 



(f)i^'i(^a)} (26) 



Since we can safely set e = (there is no pole)with the Bessel functions, it is 
easy to see that the contribution of diagram (4a) is finite. 



4. Contribution of diagram (4b) 

For diagram (4b). Starting with: 



d'^k 



(A;^ — m?) {p' — kY — "m^ {p — kY — fri^ 
{(2p -p' - k)^g^p + {2p -p- k)pguf, + {2k - p - p')^gpu} 



(27) 



After performing the dimensional regularization we can separate it into two parts:planar 
and non-planar ones. 



anar QiP ^ nonpla 

(i) For the planar part: 

The complete expression of ^''^lpianar)(P^ given as: 



(28) 



2e 



(47r) 



1 rl-x 



Jo 



/i 



r(-) 

^2^ 



2M? \ -M? 



In the limit d = 4, e — > 0, we get: 



(29) 



87r2 



1 1 



e 2 



and A^^(p;a„ar)(P' ^'P') finite part of the vertex function for the planar dia- 

gram(b): 



[ dx [ dy ' 
Jo Jo 



2b 



Ml 



(ii) For the non-planar part: 

In the same way, the contribution of the non-planar part is : 



(31) 



n(nonplanar) 



{p,q,p' 



2eV 



(47r) 



1 /-l-x 



e^P^P / dx / rf|/e 



3j(a;+2/-l)(pAp') 



r r 2(i-ci) fZ^Y 

v^ti^ItJ ^^^^^^ 



Jo 

2 



2(M2)^ 



#-1 
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+ 



(2 - d) q4 
2 (M,2)f-i 



N, 



2b 



K.+,{Z,)\ (32) 



We also see that the divergent term exists only in the planar part. Putting together 
(30) and (32) we receive the contribution of the diagram (4b) : 



'3e^ 
87r2 



7^6 ' 



in which K^^^*{p, q,p) is the finite part of the contribution of diagram (4b) : 

A?'*(P, q,P') = ^ttlanar)iP^ Q^P') + ^tlonplanavM ^'^'^ 

N2b 



167r2 



|7/i ^31n^ ^ / (i;2;2ln(l — z)^^ — J dx J dy 



Mi 



2e2 



+ 



(47r) 

f r 2(l-d) fZb 

(2 - d) q~i 
2 (M,2)f-^ 
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da; 



l-a; 



KdZb)- 



#-1 



2 {Ml)i 

N2b 



i{x+y-l)(pAp') 



Zt 
2 



2^f+l 



^f-l(^6) 

Ki+i{Z,) 



(33) 



(34) 



From (25) and(33) the contribution of i/ji/jA vertex is given by: 

A,{P, q,p') = 7^6^^'^^ - I^e) + A,.{P, q,p') (35) 

where A^*(p, gf,p) is the finite part of the total vertex function and defined in (25) 
and (34) as: 

a;(p, q,p') = a^Hp, q,p') + Af Hp, q,p') (36) 

As in ordinary QED ,at the one-loop level the total vertex for the NCQED can be 
rewritten as: 

r^(p,?,p') = ie 

where Zi = 1 + Ai 
By choosing 

Ai = Af + A? 



(l + Ai)7^etP^f'+Af + A; 
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and imposing the infinite renormafisation constant 

3e2 /I 1 



-L fJ, 



div 



TT Ve 2 



we can remove the divergence part from the total vertex. 

The renormafisation constants Zi coming from the one-loop vertex function is given 
by: 

At this stage we see that at the one-loop level the NCMQED is completely renor- 
malised. 



5. The /^-function 

As in the commutative QED, the /3-function of the theory is given by: 

d 

Pig) = t^oj^^difj) 

In terms of the bare coupling constant Qo and the renormalization constants 
,(i=l,2,3), the renormalized coupling constant g{fj,) is defined by: 

e _ 1 

9o = ii^g{ii)ZiZ-^Zs ' 
where e — 4 — D Now bringing togethcr(14),(23),(37)into the above relation, we get: 

3eM (^20 _ 8iV/Y 



Co = e//2 1 



1 + 



STT^e V 3 3 y 



1 + 



22 ANf 
IGTT^e V T ^ ~3~ 



from which follows (in the limit e — > 0) 



/22 ANf 



167r2 V 3 



Remarks: 

A contribution ^ is due to the structure similar to non-abefian dynamics of 
NCM gauge fields. 
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Prom the evaluation, the UV divergence is suggested to appear only in the 
planar diagrams since the non-planar part of the corresponding one-loop Feynman 
are assumed to be finite with finite non-commutative parameter 6 

For Nf < 6 the NCMQED with fundamental matters is asymptotically free. 



6. Vacuum polarisation of photon 



Now, we determine the finite terms in the expression of mJjf'^nP) -Firstly, we evaluate 
(p).In the limit e — > 0,p — > just keeping the leader terms in the 



:a5c) 

fj,u{nori— planar) 



m 

expansion of Bessel function we have 

,2 



IJ,i>{non— planar) v"/ 



(4x) 



2M2 



Taking integration over the Feynman parameter and putting together with (20)we 
can rewrite the complete expression of i^^^^^^p^ ip) as: 



{ri^ivP^ - P^cPu) (- + IuttIpI V 



ie'^ 10 
(47r)2"3" 



(An) 



32- 



\P\' 



-p 
3^ 



We see that the vacuum polarisation of photon can be written in the form: 

in(fj'^) (p) = A [r^^y - p^p,) + Bp^p, 

where A,B,and C are the functions of the scalars p^and |pp: 

'2 



A 



B 



le 



(47r)2 
(4^ 



+ ln7r|p|V 



32 



4 p-" ' 
4 3 ivY 



That is the form compatible with the Ward identity. 
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4 THE FERMION-PHOTON VERTEX STRUC- 
TURE IN NCMQED 

Let's return to the electron-photon vertex contributions from two diagrams (4a), (4b). 
Putting(26),(34)into(36)we get the detail expression of the finite part for the proper 
vertex: ^ 

rA-\- Jo Jo 



(47r) 



7/. 



{2-dr fZ^Y (2-d) (qf 

2(M2)f V 2 ; 4 (M2)f- 



Za 



#-1 



(2 - d) qj 

2 (M2)f-i V 2 

4 



i^f-l(^a) - 



2a 



(47r 

2(1 -rf) /Z5 



^'^L (M2)f V 2 
(2 - d) q^f_ 



2 (M2)f-i V 2 



^f(^6) 



(M2)f+i 
dye' 

1 



i^§-l(^a) 



i+1 1 



2 (M2)f"i V 2 



(Mi 



62 



7m 



3 In — + 6 / d^^ln(l 
11^ Jo 



Jo M^^ 



(3J 



The structure of the clcctron-photon vertex in ordinary QED indicates that the list of 
vectors and scalars appearing in the vertex function was restricted to (7^, g^, q^ ^ m, e) .In 
the case of NCQED,due to the presence of 9fj,i,, we have two other scalars: ((?)^,^), 
and one other vector (g^). Indeed, from the above relation we can rewrite the vertex 
function in the form: 



(39) 



wheieG, H, L are the functions of scalars (g^, (g)^,^, m, e). Theses functions can be 
picked out from (38)in the on-shell condition: 



2g2 p1 p1—x f 

G{e,m, |gH = —-J dx dy\e 
(477)2 Jo Jo I 



i{x+y)pAp' 



(2-d)2 fZaY 



KdZa) 



{2-d) (g)2 (Z^y-^ 

4 (ii^)f-i ItJ ^f-^^^«^. 
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+e 



i{x+y—l)pAp' 



H{e,m, \q\'^,i) = 



2 (M2)i-i V 2 
.(31n^ + 6/;d..ln(l-.r) 

1 



(47r)i io ^l(M2)i-iV2 



+ 



1 



(M2)f-i V 2 



(40) 

'} (41) 



L{e,m, \q\'^) 



+1 



+ 



AT, 



26 



y)' i^|+i(Z,)e^(-+^-i)^^^'-^ 



(M,2)f+i 

After sandwiching F* between u{p') and h(p) we obtain 

In the condition = and in the hmit e — > the form factors are: 

2e2 fi _ /-i-. 



(42) 



m(p) (43) 



Fi = 1 + 



(47r)2 Jo Jo 
{Ml) 



dx / 



^ i^_i(Z„)e-^(^+^>^*'' 



2Ko(^a)e~'^''+^^^^^' - 6Ko{Zh)e'^''+y-^^P^P' 
(Mi) 



-K_,{Z,)e 



,{x+y-l)pAp' 



{Any 



31n — + 6 / dzz\n(l - z)' 
\ ji^ Jo 



me 



2p2 .1 .1 



dx / dy< e 



.~i{x+y)pAp' [(^ + 1/ + - 3] (Za 



47r2 Jo Jo 

+ 



M2 



47r^ Jo Jo 



K,{Za) 



(44) 



and, 



F2(g2 = 0) = -^-^ / dx 



(47r)2 Jo 
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Jo 



{x + y){x + y- 1) fZ, 



+ 



I 

Mi 



KAZa)e 



-i(x+y)p/\p' 



— )i^l(Z^,)e*("+^-^)f^^'-- 



(45) 



We can see that (43) is the general form of the vertex which satisfied the gauge 
invariance. 

As in the ordinary QED,thc form factor Fi is the correction of the fermion's charge. 
At the tree level it's natural to impose: 

Fi(?2 = 0) = l 

In this case, e is the electric charge of fermion in the limit (f — O.Prom (44)this 
choice corresponds to (e — > 0): 



2g2 1 



(47r)^ JO 



+ 



} 



+ 



3ln^ + 6 dzz\n{l - zf^ 



(47r)2 io ' io 

■ / dy 

Jo 



ax 



{Any Jo "'"^ Jo "'^ Mi [\2J"''"'"^ 2J ^^^^ 

The form factor ^2(5^ = 0) is used to determine the coefficient of the anomalous 
magnetic moment of fermion. 



5 THE WARD IDENTITY 

Let us first consider the total vertex r^(p, g,p').By the counter terms Zi 
we can rewrite the total vertex in the form: 



RecaUing that: 
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1 + 
(47) 



and, 



-ikq 



(27 



7. 



1 



r7M 



1 



7 



1 



Dip' -k) "^D{p-k) ' A;2 



(27r)^ 



") 



D{k) ' {p' -kf{p-kf_ 
{(2p - p' - k)yg^p + (2p' - p - A;)p^^^ + (2A; - p - pOm^p^^} 

where: 

L)(p) =j) — m 
By the simple manipulations we can show that: 



{p-p'TA^,ip,q,p') 



d'^k 

{2ny 



r7 



{27rY y ) D 



:7p - -^Y- 



A;2 ' D{p' - k) F ' D{p - k) 



7p 



where: 



Nf = 2{i) - /) + 2(p - p')ki)' - 2k^{i, - /) - 2mA;(p - p') 
RecaUing that the expression of the fermion self energy is: 



(p) 



in which A2 and Aq are the counter terms for the fermion loop while Yli(p) 
correction of the fermion's propagator whose expression is: 



62* 



(Tk , 1 
lY 



1 



(27r)<^' D{p-kf''k 



Prom (49) and (52) we obtain the relation between the X'^j^s and the J2{p)S as: 

(P - p'r^.iP, q,p') = e^^"^' (E(,o - + 
The Q's term in the above equation is defined as: 



Jkq-ipAp 
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where: 

Nf = 2pk{^ - /) + 2f{p - p')k - 2k^{^ - /) - 2mk{p - p') (55) 

By the standard Feynman parameterisation , it is easy to show that Q can be 
decomposed into two parts: finite and infinite . 



in which we have: 



(56) 
(57) 



and; 



fl^(g2 = o)--^ln^-^ [\zz\n{l-zf + ^ T- 



2 ,1 ^2 



7o JO 



(1-z) 



47r2 



2i^o(^6) + -^^K.,iZ,) + ^-j K,{Z,) 

Now,returning to (47), from (51)and (53) we obtain: 



(58) 



{p-pYT^{p,q,p') = iee^f^^ [ij> - [^i - A2 + + + S'^ij)) - S-\p' 

(59) 

For the divergence parts ,with the result (13) and (37) in section. 3: 

(2 



fortunately, we see that : 

- + = 

and we obtain: 

{p-p'YVj^,q,p') = iee^P''P'{^-f) [Af - Af + O^] +iee^^ 
For the finite part, from (13),(46)and (58)we see that: 

Af - Af + ^ 

That means we can redefine the charge of fermion e . 



s-\p)-s-\p' 

(60) 
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6 THE ANOMALOUS MAGNETIC MOMENT 

As discussed in [5] ,we see that the coefficient H in the expression of vertex function 
(43) will give the new contribution to the magnetic moment: 

<-jt >^-e , ei = e^jkOjk (61) 

As we see this correction of magnetic moment does not depend on spin. So far we 
can write the magnetic moment of fermion in NCQED as: 

The form factor ^2(5^ = 0) determines the coefficient of the anomalous magnetic 
moment : 

g = 2[l + F^iq' = 0)] (63) 
Now from (45) we can identify F2{q^ — 0) as: 

{x + y){x + y-l) (Za\ ^^(^^)g-i(a.+2/W 



Mi 



M2 V 2 



(64) 



Now, we try to evaluate the magnetic moment of fermion in the rest framework 
such that p A p' = in which for = we get: 



i^2(?' = 0) 

{x + y){l - X - y) fZ, 



dx 



dy 



M2 



(47r)2 JO ^0 
{x + y- l){x + y-3) 



Mi 



(65) 

Now in the limit ~ by keeping the leader terms in the expansion of the Bessel 
function , we obtain: 



F2{q^ = 0) 



dx 



(47r)2 Jo 
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/ dy 
Jo 



{x + y){l - X - y) 



12 777,2|g|2 



2M2 



+ ^ In 11:1^ + ^ In 
8 4 8 



711 

[x + yf + ^{l-x-y) 



? 1 

r(-o+7E) 



+ (x + y - + y - 3) 



- m — 



+ 



8 



In 



Tfl 

[x + y-lf + ^{x + y) 



+ 



IT 
4 



(66) 



After the integration over the Feynman parameters we get: 



Mq' = 0) = ^ 



2 2 1 ~i 2 
q; m e |g| 



27r 



487r2 



In 



2 1 ~i 2 
m \q\ 



1 + 



27B + 6 / ^(l-z)ln[z2 + ^(l-^)] 
Jo J 



(67) 



Due to the massless photon there is an IR-divergent term in the expression of the 
form factor -^2(5^) = O.Ignoring the IR-divergent terms we receive the correction of 
the coefficient g as: 



487r2 



In 



1 + 27^;| 



(68) 



Now, we evaluate the contribution of the coefficient if in the rest frame. Prom (41) 
we have: 



H{e,m, \q\'^,4) = 



4e^ 



(47r)- 



Jo Jo I Zj, 



(69) 



In the low momentum limit, keeping the leader terms in the expansion of Bessel's 
function we get: 



H^--i^ (70) 



So, the full expression of the fermion's magnetic moment in the rest frame is: 



< 7? >= 



e 

m 



+ 



a 
2^ 



2 2 1 ~i 
m e"^\q\ 

487r2 



In 



l + 27i 



47r2|g| 



(71) 
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7 CONCLUSIONS 



In this paper we have studied the renormahsation of NCMQED ,the vacuum polar- 
isation of photon, the/3-function,the contribution of the vertex function at one-loop 
level in NCQED .Based on the dimensional regularization method which have been 
generahzed to NC-theories and by assuming Bessel functions are finite at the 9 finite 
the calculations show that the theory is renormalised with the counter terms. The 
structure of vacuum polarisation of photon satisfies Ward identity as well as the 
structure of vertex .It is shown that besides the normal form factors there is a 
new contribution to the magnetic moment comes from the parameter 6. The Ward 
identity is satisfied at the one-loop level of vertex and in the condition O^'' — 0. 
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Appendix 

We work in d-dimcnsional ' "Minkowski" space with one timelike and (d-1) spacelike 
dimensions. We are interested in the generic integrals : 



(27r)^ (F - A)3 
Using Wick's rotation:/c° = ik'^, we have: 

k — kj^ 

and, 

kq = k^e^^q^ = k^e^-'q^. + kW'q, 
In the case of the spatial non-commutativity O^"^ — 

^kq = k'ff'^qj 
So, the exponent e**^^ doesn't change the sign and we get 

In order to evaluate the generic form of this integral in Euclidean space we use the 
Feynman parameterisation: 



+ A Jo 



k^ + 



Jo J {2n)^ 

Taking the integration over k we get 

1 1 

IiE = - — -D / daida2da3- exp[-— ■ ■ --A{ai+a2+a3)] 

(47r) 2- Jo (cKi + a2 + 0:3) ^ 4(q;i + a2 + as) 

Inserting 

poo 3 

1 = / dp - 6{p- Voji 
•^0 U. 
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and rescaling ctj — > pa^ we get 

1 1 f°° dp {qY 



I IE 



r r W A 1 



(47r)-r Jo p--2 4p 
In terms of Bessel function we have: 

111 fZ\^~^ 

where Z = |g|(A)^ and, 



(27r)^ (A;2 - A)^ 
After the Wick rotation the integral has the form: 

V = W(-i)%K.. = W(-if/(S^(|^ 

We evaluate Iixu{e) from the generating function: 



'E 



J M 



(27r)^ (A;2 + A)3 

we see that: 



|2 



_ 1 d 



As the same way, after the parameterisation, we have: 

Ze = j^da,da2da^j _^e-i'^i+a,+as)k^+ik(^-z}-A(a,+a,+as) 



{2^y 

with the aid of the Gaussian integral we can take integration over momentum k: 

Ze = o / daida2da^ -w^^pI 7 -—A{ai+a2+a 

(47r) 2- Jo [ai + q;2 + 0:3) 2" 4(q;i + 0:2 + "3) 

Now taking derivative with respect to z and then taking the limits — > we get: 

%qu \ 



^iJiv(E) = - — -D / daxda^dao, 



(47r)^ -^0 [2(ai + a2 + a3)~^^ 4(ai + ctg + a3)~+^ 
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^^P\.~T7 — : : — ^ ~ ^(^^ + ^2 + as)] 

4(q;i + q;2 + CKsj 

Inserting 

/•CO 

1 = / dp - Sip-J^O^i) 
•^0 i=l 

and rescaling ctj — > pai we get 



(47r)fr(3)yo "^12(^)^-1 4(p)fj 
- A(p)] 

In terms of the Bessel's functions,the relation above can be rewritten in the form: 
where 

r, n 

1 1 ^ /'7x2- 



(47r)* r(3) 2Ai-f '"t^ ^ 

returning to the Minkowski space, the result is: 

V) = {-i){-lf[Ag^, + Bq^q,] 

In general,the integral: 

P-') = / (2x)° (t' - A)° = + 

where: 



111 /Z\"~^~2" 

(47r)Tr(a)2A"-2-f V2y a-2-^\) 



(2.3) 72 = / 
Contracting the result is : 



(27r)^ (A;2 - A)^ 
/2=H)(-ir[^-D + i?(gT] 
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